WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)" 



(51) International Patent Classification 6 : 
G01B 7/004, 7/287, 7/34, 11730 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/28701 

10 June 1999(101*6.99) 



(21) International Application Number: PCT/TO98/01 905 

(22) International Filing Date: 30 November 1998 (30.1 1.98) 



(30) Priority Data: 
97255715 



4 December 1997 (04.12.97) GB 



(71) Applicant: KONINKLIJKE PHILIPS ELECTRONICS N.V. 
[NL/NL]; Groenewoudseweg 1, NL-5621 BA Eindhoven 
(NL). 

(71) Applicant (for SE only): PHILIPS AB [SE/SE]; Kottbygatan 7, 

Kista, S-164 85 Stockholm (SE). 

(72) Inventor: HARKJN, Gerard, Francis; Prof. HolsUaan 6, 

NL-5656 AA Eindhoven (NL). 

(74) Agent: WILLIAMSON, Paul, L.; Intemationaal Octrooibureau 
B.V., P.O. Box 220, NL-5600 AE Eindhoven (NL). 



(81) Designated States: CN, JP t KR, European patent (AT, BE, CH, 
CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE). 



Published 

With international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: ELECTRONIC APPARATUS COMPRISING FINGERPRINT SENSING DEVICES 
(57) Abstract 

An electronic apparatus 
comprising a fingerprint 
sensing device (10) having 
an array of sensing elements 
(12) carried on a transparent 
substrate (35) for sensing 
capacitively the ridge pattern 
of a fingerprint placed over 
the array, in which the 
transparency of the device is 
utilised to provide additional 
capabilities. Thus, an optical 
sensing device (60) may 
be disposed beneath the 
device (10) to sense optically 

through the device a further biometric characteristic, or the presence, of the finger overlying the sensing element array. Substantial 
transparency can be afforded to the device by forming the sense electrodes (30) of the array from transparent conductive material. In 
products like mobile telephones, notebook computers, PDAs, smart cards or like portable electronic products of small size such a fingerprint 
sensing device can then advantageously be arranged overlying a display device with the display output being visible through the device. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Repubhc of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Ta^kistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 




BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Stales of America 


CA 




IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CP 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cote dTvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Repubbc of Korea 


PL 


Poland 






CN 




KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Knzakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SB 


Sudan 






DK 
EE 


Denmark 
Estonia 


LK 
LR 


Sn T-»wira 
Liberia 


SE 
SG 


Sweden 
Singapore 







WO 99/28701 PCT/IB98/01905 

1 

DESCRIPTION 

ELECTRONIC APPARATUS COMPRISING FINGERPRINT 
SENSING DEVICES 



The present invention relates to electronic apparatus comprising 
fingerprint sensing devices. 

1 0 There is presently considerable interest in the use of fingerprint sensing 

for user identification or verification purposes. For this, a person's fingerprint is 
acquired by means of a fingerprint sensing device whose output is processed 
and compared with stored characteristical data of one or more fingerprints to 
determine whether a match exists. The most common form of fingerprint 

1 5 sensing device employs an optical imaging technique in which light from a light 
source is directed into one face of a glass prism, reflected from a second face 
and passes out from the third face where it is detected by a form of an electronic 
camera such as a CCD with associated optical elements. A finger is placed on 
the second face and where ridges of the fingerprint contact the glass face 

20 reflection no longer takes place. Through this effect an optical image of the 
fingerprint can be detected by the camera. 

More recently, other forms of fingerprint sensing devices have been 
proposed which rely on different techniques for sensing fingerprint patterns, 
using for example alternative approaches such thermal sensing, pressure 

25 sensing, capacitive sensing, and skin resistance sensing. In these, an array of 
sensing elements define a sensing area over which a persons finger tip is 
directly placed and the need for an optical system is eliminated, which can result 
in a much more compact device. 

There is currently much interest in incorporating fingerprint sensing 

30 devices in a wide range of products for security reasons. For example, the 
growth of the internet and the need for security when conducting internet 
commerce transactions has led to proposals for fingerprint sensing devices to 
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be built into desk top and portable computer systems. Security of banking 
transactions using automatic teller machines can also be improved using 
fingerprint sensing. Similarty it has been proposed to use fingerprint sensing 
devices in other portable electronic equipment such as mobile phones and 
5 smart cards as a means of preventing unauthorised usage. 

For many of these applications there is a need for a fingerprint sensing 
device which is both compact, particularly where portable electronic equipment 
is involved, and relatively inexpensive. The conventional optical image sensing 
device, requiring a light source, prism and image sensor, is both bulky and 

1 0 expensive, and therefore wholly unsuited to such uses. Of the other kinds of 
sensing devices, those using the capacitive sensing approach are considered to 
offer the most promise in view of their potential performance, low overall size, 
ease of manufacture and low cost. Typically, such fingerprint sensing device 
comprises an array of individual sensing elements, each including a sense 

1 5 electrode, over which a finger is placed and operate by sensing a measurable 
capacitive effect produced by the sense electrode in combination with an 
overlying ridge of the user's fingerprint 

Examples of capacitive fingerprint sensing devices are described in US- 
A-5325442 (PHB 33628), PCT WO 97/40744 (PHB 34068) and PCT IB 

20 98/00407 (PHB 34153). In these, each sensing element in the array consists of 
a metal sense electrode connected via one or more switching devices to sets of 
address conductors and the sensing elements are operated using an active 
matrix addressing scheme to provide a measure of the individual capacitances 
formed between each sense electrode and respective overlying ridge or valley 

25 of a person's fingerprint placed on a sensing surface provided by a layer of 
dielectric material overlying the sense electrodes and on whose surface the 
finger is placed. The device can be in the form of a semiconductor integrated 
circuit, using a silicon wafer, or a thin film device in which the sense elements 
and address conductors comprise thin film circuit elements carried on an 

30 insulating substrate such as glass and formed by depositing and patterning thin 
film insulator and metal layers and amorphous or polycrystalline semiconductor 
compounds for the switching devices, e.g. diodes or thin film transistors. 



WO 99/28701 PCT/1B98/01905 

3 

Another example of a capacitive type fingerprint sensing array produced in the 
form of an integrated chip is described in EP-A-0790479. In this device each 
sensing element consists of two laterally - spaced sense electrodes connected 
to an amplifier circuit. 

5 Although these devices are capable of satisfying some of the demands, 

particularly as regards compactness and manufacturing cost, there is a need for 
improvement. One problem which could be experienced in use is that of 
attempted fraudulent operation. It is conceivable, for example that a plastic 
replica of a person's finger, having surface topography, could be used to "fool" 

1 0 the device. Accordingly, it would be advantageous to be able to ensure that the 
finger whose print is being read is a "live" finger. It would be desirable also to 
improve the capabilities of the sensing device further with regard for example to 
their ease of deployment, and suitability for use, in small portable products such 
as mobile phones, personal digital assistants and the like, and their ability to 

1 5 function in combination with other components. 

It is an object of the present invention, therefore, to provide an improved 
form of fingerprint sensing device, or an electronic apparatus comprising a 
fingerprint sensing device, which is capable of satisfying at least to some extent 
20 some of these desires. 

According to one aspect of the present invention there is provided an 
electronic apparatus comprising a fingerprint sensing device having an array of 
closely spaced sensing elements carried on a transparent substrate for sensing 

25 capacitively ridges of a person's fingerprint when placed over the array, each 
sensing element having a sense electrode for producing in combination with an 
overlying fingerprint part a capacitive effect, which is characterised in that the 
sensing elements of the array are substantially transparent with the sense 
electrodes being formed of transparent conductive material. 

30 By virtue of making the sense electrodes substantially transparent, and 

the fact that the substrate on which the electrodes are carried is itself 
transparent, the sensing device itself becomes substantially transparent. In 
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capacttive type sensing devices, a major proportion of the area of each sensing 
element is occupied by the sense electrode and the sense electrodes are 
closely packed. Thus, by using transparent sense electrodes, substantial 
transparency is provided to the sensing device. The invention stems in part 
5 from the realisation that such transparency can be of considerable benefit to 
achieving additional functionality and also an appreciation that certain known 
kinds of capacitive fingerprint sensing devices are readily capable of 
modification in a simple and convenient manner for this purpose, as a result of 
which the capabilities of such sensing devices are significantly increased and 

10 rendering them able to satisfy a number of desires. In particular, it becomes 
possible to provide known kinds of optical, contactless, type biometric sensors 
beneath the sensing element array, i.e. on its side remote from that over which 
the finger is placed, for the purpose of sensing through the array additional 
finger biometric characteristics such as temperature, pulse rate, blood oxygen 

1 5 content and the like at the same time as a fingerprint is being taken for further 
authenticating the presence of a "live" finger, thereby reducing the risk of 
fraudulent use, and without requiring for example any enlargement of the 
device's sensing area. 

A biometric authentication system is described in PCT WO 95/26013 

20 which comprises a fingerprint sensor of conventional optical type employing a 
camera, together with a pulse oximeter sensor of the kind which uses LED's 
emitting visible and IR light and a photodetector. The latter components are 
arranged so as to lie on either side of the finger when placed in position over the 
fingerprint sensor and therefore occupy further space outwardly of the fingerprint 

25 sensor and necessitating a specially - shaped housing for their accommodation 
and defining a recess into which the finger has to be placed. On the other hand, 
with a sensing device according to the invention, optical sensors, for example 
comprising LEDs and a photodetector, can be positioned behind the substrate 
of the device and, utilising the transparency of the device, additional biometric 

30 characteristics, such as pulse, blood oxygen levels, finger temperature or skin 
colouring, sensed optically through the array using a reflective technique, 
thereby keeping the sensing region compact. Moreover, specially - shaped 
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housings need not be used and the outer surface of the sensing device and the 
surrounding parts of its housing may be generally flat. Alternatively, an optical 
sensing device may be used behind the sensing element array which is of a 
type suitable merely for sensing the presence of a finger. For example, the 
5 device may comprise a light emitter, e.g. an LED for emitting a beam of light 
through the fingerprint sensing device, and a light detector for detecting light 
reflected back through the fingerprint sensing device, as would happen if a 
finger were present over the array. Such a sensing device may be connected to 
the drive control circuit of the fingerprint sensing device and arranged to initiate 

1 0 scanning operation of the device automatically upon a finger being placed over 
the array and detected by the optical sensing device, ft will be appreciated that 
the term light as used herein is intended to include parts of the spectrum other 
than visible light, such as infra-red. 

In some situations it may not be necessary to make the sense electrodes 

1 5 transparent to achieve substantial transparency of the fingerprint sensing device 
and the device may be adequately transparent for certain purposes when using 
opaque sense electrodes by virtue of the existing transparency of the areas 
surrounding the sense electrodes and the associated addressing circuitry. The 
extent of these transparent areas could be optimised if desired by minimising 

20 the proportion of the area of the sensing element occupied by the sense 
electrode. According to another aspect of the present invention, therefore, there 
is provided an electronic apparatus comprising a fingerprint sensing device 
having an array of spaced sensing elements earned on a transparent substrate 
for sensing capacitively the ridge pattern of a persons fingerprint where placed 

25 over the array, characterised in that the apparatus includes an optical sensing 
device disposed at the side of the substrate opposite to the sensing element 
array which optical sensing device is responsive to light passing through the 
sensing element array and the substrate. 

The optical sensing device may again be a biometric sensor for optically 

30 sensing through the fingerprint sensing device a further biometric characteristic 
of a user's finger, or an optical sensing device for example for sensing the 
presence of a finger over the array. 
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The increased transparency of the fingerprint sensing device resulting 
from the use of transparent sense electrodes may be beneficially employed for 
other purposes. In particular, the sensing device can be disposed over a 
display device, or a part thereof, whilst still allowing the display output to be 
5 viewed. This capability offers considerable advantages in, for example, the field 
of portable electronic products using displays, such as mobile phones, certain 
smart cards, PDAs, and other portable computers. Earlier proposals for 
incorporating fingerprint sensing devices in such products involve arranging the 
fingerprint sensing device in a region of the product casing away from the 

1 0 display device, thereby either necessitating a larger casing or sacrificing an area 
of the casing which could otherwise have been used for other purposes. When 
used in this manner, the display device may be operated to assist in the 
utilisation of the fingerprint sensing device, for example by indicating through its 
display elements the area overlaid by the sensing element array, and thus the 

15 position on the display over which the finger should be placed, and by 
presenting operating instructions to a user. In the case of some smart cards or 
other credit card like products which may not have an integral display device as 
such, the fingerprint sensing device may simply be arranged to overlie a region 
carrying printed information which information would still be visible through the 

20 device. This can be advantageous bearing in mind that the amount of space 
available in this kind of product is severely limited. 

The fingerprint sensing device is preferably of the kind which is fabricated 
using thin film technology involving the deposition and patterning of thin film 
layers on a transparent, insulating, substrate, such as glass, for example as 

25 described in the aforementioned US-A-5325442, PCT WO 97/40744 and 

PCT IB 98/00407. In the devices described in these specifications the sensing 
elements each include one or more switching devices, in the form of TFTs or 
diodes, and are addressed via a set of row, scanning, address conductors and a 
set of column, read-out, address conductors. The sensing elements are spaced 

30 closely together at a pitch appropriate to providing a resolution suitable for 
fingerprint reading, with a major proportion of the area of each element being 
devoted to the sense electrode. By using transparent conductive material such 
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as ITO for the sense electrodes rather than a metal such as chromium as 
described in these specifications a high degree of transparency is then afforded. 
The overall effective transparency of the array can be further improved by 
forming at least one of the sets of address conductors also from transparent 
5 conductive material or by arranging the switching devices so as to overlap 
substantially with an address conductor, i.e. extending above or below an 
address conductor, so as in effect to reduce the amount of area within the 
overall area of each sensing element which needs to be dedicated to the 
provision of the switching devices and increase the effective aperture ratio of the 

1 0 sense element. 

For the purpose of sensing fingerprints, a row and column array of 
sensing elements typically occupies an area of around 2.5 to 3cm square and 
comprises around 500 rows with 500 sensing elements in each row. The size of 
the array is thus similar to the size of displays typically used in mobile 

15 telephones and the like so that the sensing device may conveniently be 
disposed over the display to occupy the same area. However, in certain 
products where the display used is not generally square shape but rectangular 
with reduced height, it is envisaged that the sensing device may instead 
comprise just one or a few rows of sensing elements providing a ID, or linear 

20 type of sensor which relies on a swiping action of a person's finger tip and which 
is operable to provide a series of readings as the finger tip is moved 
transversely of the array, each of which represents a respective strip of the 
fingerprint. These readings are then processed to build up an electronic image 
of the complete fingerprint 

25 

Embodiments of electronic apparatus in accordance with the present 
invention will now be described, by way of example, with reference to the 
accompanying drawings, in which:- 

Figure 1 is a simplified schematic diagram of part of an embodiment of 
30 electronic apparatus according to the invention comprising a capacitive type of 
fingerprint sensing device; 

Figures 2A and 2B illustrated schematically the equivalent circuits of two 
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example forms of sensing elements in a sensing element array of the device of 
Figure 1; 

Figure 3 is a schematic cross-sectional view through a typical part of the 
sensing element array of the device of Figure 1; 
5 Figure 4 is a schematic plan view of part of the sensing element array 

showing its component lay-out; 

Figure 5 is a cross-sectional view through part of an embodiment of 
electronic apparatus incorporating an additional biometric sensor; 

Figure 6 illustrates a fingerprint sensing device in combination with a 
1 0 display device; 

Figure 7 shows an example mobile telephone using overtying fingerprint 
sensing and display devices; 

Figure 8 shows a portable computer having a fingerprint sensing device 
overtying a part of its display screen; and 
1 5 Figure 9 is a plan view of a smart card incorporating a fingerprint sensing 

device. 

It is to be understood that the Figures are merely schematic and are not 
drawn to scale. Certain dimensions may have been exaggerated while others 
have been reduced. The same reference numbers are used throughout the 
20 Figures to indicate the same, or similar, parts. 



The electronic apparatus comprises a fingerprint sensing device of the 
capacitive sensing kind in which the positions of the ridges of a person's 
fingerprint are determined using a capacitance effect resulting from the proximity 

25 of the ridges of a fingerprint to individual sensing elements of the device. The 
fingerprint sensing device used in this embodiment is, apart from certain 
differences which will be described subsequently, generally similar to known 
devices described for example in US-A-5325442, WO 97/40744 and British 
Patent Application No. 9708559.1, whose disclosures are incorporated herein 

30 by reference, that are fabricated using thin film technology as used in other 
large area electronic devices such as active matrix LC display devices involving 
the deposition and patterning of thin film layers on an insulating, glass, 
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substrate. Reference is invited to these specifications for more details of the 
instruction and operation of the devices. Briefly, however, and referring to 
Figure 1 , the fingerprint sensing device comprises an active matrix addressed 
sensing pad 10 having an X-Y array of regularly spaced sense elements 12, 
5 consisting of r rows (I to r) each with c sense elements, which are operable to 
scan a fingerprint. Only a few rows and columns are shown for simplicity. In 
practice there may be around 512 rows and 512 columns of sense elements 
occupying an area of approximately 2.5cms by 2.5cms. The array of sense 
elements 12 is addressed by addressing means comprising a row drive circuit 

10 22 and a sense circuit 24 via sets of regularly-spaced row (selection) address 
conductors 18 and column (sensing) address conductors 20 connected at their 
ends the circuits 22 and 24 respectively with individual sense elements being 
located at respective intersections of the two sets of conductors. All sense 
elements in the same row are connected to a respective one of row conductors 

15 18 and all sense elements in the same column are connected to a respective, 
common, column conductor 20. An output 25, comprising an electronic 
representation of a scanned fingerprint, is obtained from the circuit 24. 

Figure 2A illustrates the circuit configuration of a typical sense element 
12 of the kind described in US-A-5325442. In this, each element consists of a 

20 switching device in the form of a TFT 32 and an electrically conductive sense 
electrode 30 which is connected to the drain of the TFT 32. The source and 
gate terminals of the TFT are connected respectively to a column conductor 20 
and a row conductor 18. Figure 2B illustrates the circuit configuration of a 
typical sense element of the kind described in British Patent Application No. 

25 9708559.1. Each sense element 12 in this case consists of a pair of two- 
terminal, unidirectional, non-linear switching devices in the form of diodes 34 
and 36 and a sense electrode 30. The first diode 34 is connected between the 
row conductor 18 and the sense electrode 30 and the second diode 36 is 
connected between the sense electrode 30 and the column conductor 20. As 

30 shown in Figure 2B, the diodes 34 and 36 are effectively connected front to 
back in series between the associated row and column conductors 18 and 20 
with the sense electrode connected to the node between the two diodes. In 
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both examples, the sense elements 12 and address conductors 18 and 20 of 
the pad 10 are fabricated using standard thin film technology which involves the 
deposition and patterning, by photolithographic definition processes, of a 
number of layers on the insulating substrate. The TFTs are preferably of 
5 amorphous or polycrystalline silicon and of conventional form. The diodes 30 
and 31 similarly are preferably formed from amorphous silicon or polycrystalline 
silicon and have p-i-n structures. 

An example of one form of array construction is shown schematically and 
simplified in Figure 3 which is a cross-section through a representative part of 

10 the pad 10 comprising three complete sense electrodes 30 carried on the 
insulating substrate 35. The switching devices are not visible in this section. 
The array of sense electrodes 30, comprising regularly spaced, and equally 
sized, rectangular conductive pads, and the address conductors 20 extending 
therebetween are defined from a common deposited layer. Insulating material 

15 is provided, for example, between the conductors 18 and 20 at the regions 
where they cross-over. The set of row conductors 18, not visible in Figure 3, is 
formed from a common deposited layer with each row conductor extending 
between adjacent rows of sense electrodes 33. Integral extensions of the sense 
electrode 30 and the row and column conductors are used to provide contact 

20 terminals for the associated switching devices. To complete the structure a 
dielectric film 36, for example of silicon nitride or polyimide, is deposited 
completely over the structure on the substrate 35 to provide a continuous 
sensing surface 37 spaced a predetermined distance from, and substantially 
parallel to, the substrate surface. 

25 The physical dimensions and mutual spacings of the sense electrodes 

30, and consequently the sense elements, are chosen in accordance with the 
resolution characteristics required for fingerprint sensing. By way of example, 
the sense electrodes may have a pitch of around 50 to 100 micrometres in both 
the row and column directions. The thickness of the dielectric film 36 is selected 

30 taking into account the value of the relative permittivity of the insulating material 
and the area of the sense electrode. For example, a relative permittivity of 
approximately 6, and a film thickness around 0.1 micrometres may be used with 
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a sense electrode around 50 x 50 micrometres. 

In operation of this sensing device, a finger whose print is to be scanned 
is placed on the sensing surface 37. Actual, or close, physical contact with the 
surface 37 then occurs at the ridges of the fingerprint Troughs in the fingerprint 
5 profile are spaced from the surface 37 by a considerably greater distance. The 
ridged finger surface is therefore spaced from the array of electrodes 30 by a 
minimum distance determined by the thickness of the thin dielectric film 36 and 
each sense electrode 30 and the respective overlying portion of the finger 
surface form a capacitance, the finger surface portion being effectively at an ac 

1 0 ground potential. The capacitances vary as a function of the spacing between 
the finger surface and the sensing surface 37 and the variation in capacitances 
produced over the array of sense elements 12 of the pad 10 by a fingerprint 
ridge pattern thus constitutes in effect an electronic "image" of the three 
dimensional form of the fingerprint surface. These capacitances are sensed 

1 5 and an output provided by the circuit 24 indicative of the variation, and hence 
the three-dimensional profile of the fingerprint. 

The fingerprint sensing element array of the device in this embodiment is 
substantially transparent. This is achieved utilising beneficially the fact that the 
substrate is of a transparent material, preferably glass, and simply by forming 

20 the sense electrodes 30 of the sense elements 12, and preferably the sets of 
row and column conductors 18 and 20 as well, from an optically transparent 
conductive material such as ITO. Any necessary insulating layers, for example 
between the row and column conductors at their cross-overs is formed of 
transparent insulating material such as silicon oxide or nitride. The dielectric 

25 covering layer 36, of silicon nitride or polyimide, is similarly transparent. 

Figure 4 shows schematically in plan view of a sense element 12 of the 
kind shown in Figure 2A to illustrate a typical component lay-out. As can be 
seen, the sense electrode 30, which is generally rectangular, occupies a major 
proportion of the area of the sense element. It will be appreciated that the 

30 regions between the sides of the sense electrode 30 and the respective 
adjacent portions of the row and column conductors are transparent and as the 
sense electrode 30 and row and column conductors 18 and 20 are formed from 
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transparent conductive material the sensing element array will be substantially 
transparent. The only region of a sense element where transparency may be 
reduced is at the switch device. However, as the actual area occupied by the 
TFT, as shown in Figure 4, or similarly by the diodes if used instead, is very 
5 small compared with the overall area of the sense element, typically around 5 to 
10% of the overall sensing element area, the effect on general, overall, 
transparency of the array will be negligible. 

Depending on the degree of transparency required, which could vary 
according to the particular manner in which the transparency of the sensor is to 

10 be utilised, it may not be necessary to form with sets of address conductors 18 
and 20 from transparent conductive material. Instead one or both sets could be 
of metal. In so doing, the overall transparency would not be unduly affected as 
the area occupied by these conductors in relation to the area of the array is 
comparatively small. In order to improve transparency if metal address 

1 5 conductors were to be used, the switching devices of the sense elements can 
be arranged so as to lie over or beneath an adjacent portion of an address 
conductor. In this way, the design of the sense element is effectively optimised 
so as to maximise transparency. 

The transparency of the fingerprint sensor can be used to advantage in 

20 various ways. In one particular example, an additional biometric sensor of the 
contactless kind which relies for its sensing on the use of light, such as visible or 
IR light, can conveniently be positioned behind the fingerprint sensing array. An 
example of such an arrangement is shown diagrammatically in Figure 5. The 
fingerprint sensing element array 10 is earned in a housing 50 with its sensing 

25 surface 37 onto which a user's finger is placed facing outward. A further 
biometric sensor 60 is disposed within the housing beneath the sensing array so 
as to sense a different biometric characteristic of the person's finger remotely by 
means of light directed through the substantially transparent array at the same 
time as the fingerprint is being sensed. The biometric sensor may be, for 

30 example, a pulse oximeter. Such a sensor typically has light source, for 
example LEDs, emitting red and infra-red light beams which are directed onto 
human tissue and a detector which receives the light transmitted through or 
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reflected from the tissue. An example of this kind of sensor is described in US- 
A-4759369 to which reference is invited. The intensity of the transmitted or 
reflected light is affected by the colour of the blood and the detector produces a 
signal which is a function of the colour of the blood and the pulse of the person 
5 which is separable into a constant component indicative of the colour, and thus 
oxygen saturation level, of the blood and a time varying component indicative of 
the pulse rate. In the embodiment of Figure 5, the sensor is arranged to operate 
in reflective mode with the light source 61 directing light with red and infra-red 
components through the sensing array 10 towards the person's finger and with 

10 the detector 62 receiving the reflected components. Other kinds of biosensors 
capable of detecting in non-contact manner a biometric characteristic using 
radiation transmitted through the fingerprint sensing array, and including 
wavelength ranges outside the visible spectrum, could also be used instead of, 
or in addition to, the sensor 60. For example, it is envisaged that the sensor 60 

1 5 could be a temperature sensor adapted to sense the skin temperature of the 
person's finger by means of the infra-red reduction emitted from the finger, or a 
sensor adapted to sense optically the spectral characteristics of a finger. 

Because the sensor is effectively buried beneath the fingerprint sensing 
array, it will be appreciated that the region of the equipment in which the 

20 combination of the fingerprint sensing array 10 and the sensor 60 is provided 
can be very compact with the outer surface of the fingerprint sensing array and 
the surrounding area of the housing being flush and generally flat. Previously 
this has not been possible in arrangements for sensing simultaneously both a 
fingerprint and another biometric characteristic such as pulse or oxygen 

25 saturation. 

The incorporation of a sensor for an additional biometric characteristics 
greatly increases the security of recognition or authentication by providing 
further validation and reducing the possibility of fraudulent deception through 
use, for example, of a replica finger. 
30 Optical sensors other than biometric sensors could be employed behind 

the fingerprint sensing element array. For example, an optical finger presence 
sensor could be used. This can comprise an optical sensing device having a 
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light emitter, such as an LED, for emitting a beam of light, which can be visible 
or IR light, that is directed through the fingerprint sensing element array and a 
photodetector for detecting light reflected back through the array by a finger. 
Such an optical sensing device can be provided in similar manner to the device 
5 re ferenced 60 in Figure 5. The device may be connected to the drive circuitry of 
the fingerprint sensing device such that an output from the photodetector 
indicative of the presence of a finger is operable to initiate scanning drive of the 
sensing element array. Thus, when a person's finger is placed over the array, 
the fingerprint sensing device is automatically operated to scan its fingerprint. 

10 In some situations, the sensing element array could possibly exhibit a 

sufficient degree of transparency to enable optical sensing devices for sensing 
through the array a further biometric characteristic or the presence of a finger to 
operate successfully without necessarily having to make the sense electrodes 
transparent. For example, in the kind of fingerprint sensing device of US-A- 

1 5 5325442, the transparent areas of the array not occupied by the opaque sense 
electrodes, the TFTs and the addressing lines may be adequate to allow 
sufficient light to pass through the array for an optical sensing device positioned 
behind the array to perform its intended function. It may be, for example, that 
only a part of a light beam generated by the device is blocked by the opaque 

20 components and that an adequate amount of light is still able to pass through 
the sense element array and, after reflection, to reach the optical sensing 
device. The size of the opaque sense electrodes could be reduced if necessary 
so as to increase proportionately the area of the transparent regions of the array 
to improve the overall transparency. 

25 Another example of the beneficial use of the increased transparency of 

the fingerprint sensing array when using transparent sense electrodes is 
illustrated in Figure 6 which shows the fingerprint sensing array 10 in 
combination with a flat panel display device, 70, comprising in this example a 
matrix liquid crystal display device. A typical matrix LC display device comprises 

30 a pair of plates 71, 72, usually of glass, spaced slightly apart and sealed 
together around their periphery, with LC material 73 disposed in the intervening 
space. The plates carry a system of electrodes and address conductors 
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defining a row and column matrix array of individual display elements, each 
possibly having an associated switching device, for example a thin film 
transistor. LC display devices can be operable in a reflective mode, using for 
example ambient light, or in a transmissive mode in which case a backlight is 
5 normally provided adjacent the side of the device remote from the viewing side. 

As shown in Figure 6, the display device and fingerprint sensor 10 are of 
corresponding size and the fingerprint sensor is disposed directly over the upper 
plate, here referenced 72, of the display device on its output side with the 
sensing element array uppermost. For simplicity, the driving circuits for the 

1 0 display device and sensing array and the electrical interconnections have been 
omitted from Figure 6. Conceivably, the plate 72 could be used as the 
substrate of the fingerprint sensor and the thin film components required for the 
array fabricated directly on the surface of this plate instead. Of course, the 
display device and fingerprint sensor need not be of similar size. With a 

15 comparatively large area display device, the fingerprint sensor would be 
provided over a part only of this area, either by attaching the substrate of the 
fingerprint sensor onto the surface of the upper plate of the display device or 
forming the array directly on a part of the outer surface of this plate. 

Because the fingerprint sensor is substantially transparent, the display 

20 produced by the LC display device at the region underlying the sensor is readily 
visible therethrough. The display device may be of a simple passive dot matrix 
type, an active matrix type, for displaying data graphics and the like, or a 
dedicated type display, for example having seven bar characters or the like. 
Matrix display devices commonly use sets of row and column conductors 

25 between which the display elements are located and as such is similar to the 
structure of the fingerprint sensing array. It may be arranged, therefore, that the 
pitches of the row and column conductors in both the sensor array and display 
element array are related and that the row and column conductors in the sensor 
array are aligned with row and column conductors in the display element array 

30 so that the address conductors of the sensor array do not obscure the display 
output, particularly if those address conductors are formed of metal rather than 
ITO. 
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Although an LC display device is used in this example, other types of 
display devices, comprising other kinds of electro-optic materials, for example 
electroluminescent or electrochromic display services, could be employed 
instead. 

5 Flat panel displays such as LC display devices are used extensively in a 

variety of portable electronic products, such as lap-top or notebook computers, 
PDAs, personal organisers, mobile telephones, both cellular and cordless, 
pagers, and the like. Fingerprint sensing in such products would be beneficial 
for user authentication purposes and the combination of the sensor with the 

1 0 display device in the aforementioned manner is of particular advantage. Free 
space in these products is often at a premium but by arranging the fingerprint 
sensor so as to overlie the display device, the sensor and display occupy the 
same area and the need to be able to dedicate an area of the product separate 
from the display to the provision of a fingerprint sensor is avoided. 

1 5 Figures 7 and 8 show respectively examples of a mobile telephone and a 

notebook computer incorporating a fingerprint sensor. Referring to Figure 7, the 
fingerprint sensor 10 is incorporated in the display window 80 of the telephone 
housing overlying the LC display panel 70 provided to display user information 
in similar manner to the arrangement of Figure 6. Referring to Figure 8, the 

20 fingerprint sensor overlies a relatively small part of the area of the LC display 
panel 70. To assist a user in correctly positioning a finger over the fingerprint 
sensor, the display panel can be arranged to provide a display, when needed, to 
indicate the location of the fingerprint sensor. In both products operating 
instructions for using the fingerprint sensor can be displayed on the panel. 

25 The display device may be of a very simple kind, perhaps having a fixed 

display output. In this respect, it is envisaged that the fingerprint sensing device 
could be mounted on an illuminated push-button switch which, when illuminated, 
displays a fixed legend or instruction, such as "push", which is visible through 
the sensing device. The switch may be arranged to operate the fingerprint 

30 sensing device so that merely by obeying the displayed instruction a person's 
fingerprint would be automatically scanned. 

Another example of a portable electronic product in which a fingerprint 
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sensing device could be used to provide additional security is a smart card. It 
has been suggested that a small display device, for example an LCD, could be 
incorporated in such a product, in which case the transparent fingerprint sensing 
device can similarly be disposed over the display device. However, the 
5 transparent fingerprint sensing device could be used also to advantage in a 
smart card or like product without a display device. The transparency of the 
device would enable printed information present beneath the device to be seen. 
Figure 9 is a plan view of an example smart card, 85, having an integrated 
fingerprint sensing device 10, and an optional, underlying display device 70. 

10 

From reading the present disclosure, other modifications will be apparent 
to persons skilled in the art. Such modifications may involve other features 
which are already known in the field of fingerprint sensing devices, products 
incorporating such and components thereof and which may be used instead of 
15 or in addition to features already described herein. 
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CLAIMS 

1. An electronic apparatus comprising a fingerprint sensing device 
having an array of spaced sensing elements carried on a transparent substrate 

5 for sensing capacitively ridges of a person's fingerprint when placed over the 
array, each sensing element comprising a sense electrode for producing in 
combination with an overlying fingerprint part a capacrtive effect, characterised 
in that the sensing elements of the array are substantially transparent with the 
sense electrodes being formed of transparent conductive material. 

10 

2. An electronic apparatus according to Claim 1, characterised in that 
the sensing elements are arranged in a row and column matrix and addressed 
via sets of row and column address conductors carried on the substrate and 
extending between the sensing elements. 

15 

3. An electronic apparatus according to Claim 2, characterised in that 
the address conductors of at least one of the sets are formed of transparent 
conductive material. 

20 4. An electronic apparatus according to Claim 2 or Claim 3, 

characterised in that each sensing element includes at least one switching 
device which is connected to the sense electrode and is arranged so as to 
overlap substantially with an address conductor. 

25 5. An electronic apparatus according to any one of Claims 1 to 4, 

characterised in that the array of sensing elements is disposed over a display 
device whose display output is transmitted through the sensing element array. 

6. An electronic apparatus according to Claim 5, characterised in that 
30 display device comprises a liquid crystal display device. 

7. An electronic apparatus according to Claim 5, characterised in that 
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the apparatus comprises a mobile telecommunications apparatus. 

8. An electronic apparatus according to Claim 5, characterised in that 
the apparatus comprises a portable computer. 

5 

9. An electronic apparatus according to Claim 1 or Claim 5, 
characterised in that the apparatus comprises a smart card. 

10. An electronic apparatus according to Claim 1 , characterised in that 
10 the apparatus comprises an electrical switch and the sensing element array 

extends over an illuminatable actuating element of the switch. 

11. An electronic apparatus comprising a fingerprint sensing device 
having an array of spaced sensing elements carried on a transparent substrate 

15 for sensing capacitively the ridge pattern of a person's fingerprint where placed 
over the array, characterised in that the apparatus includes an optical sensing 
device disposed at the side of the substrate opposite to the sensing element 
array which optical sensing device is responsive to light passing through the 
sensing element array and the substrate. 

20 

12. An electronic apparatus according to any one of Claims 1 to 4 or 
Claim 11, characterised in that a biometric sensor device is disposed beneath 
the substrate for sensing optically an additional biometric characteristic of a 
person's finger through the sensing element array. 

25 

13. An electronic apparatus according to Claim 12, characterised in 
that the sensor device comprising a pulse oximeter sensor using infra red and 
visible light transmitted through the sensing element array. 

30 14. An electronic apparatus according to any one of Claims 1 to 4 or 

Claim 12, characterised in that an optical sensing device is disposed beneath 
the substrate and arranged to sense optically through the sensing element array 
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the presence of a finger overlying the sensing element array. 

15. An electronic apparatus according to Claim 14, characterised in 
that the optical sensing device is connected to a drive circuit of the fingerprint 
5 sensing device and arranged to operate the fingerprint sensing device upon the 
presence of a finger being sensed thereby. 
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